The principle of progressive correction of established deformity is applied to all joints but on many occasions deformity has to be accepted, for without surgical intervention full correction cannot be obtained. In all these cases, as in those less severely affected, the same principles of sound management must be carried out. Full muscle activity, even if it does not improve the clotting time (for the muscle exertion is never so energetic as to cause a substantial reduction of the clotting time), by maintaining the bone vessels within their normal limits reduces the frequency of bleeding and thus damage to the articular cartilage is less liable to occur.
In spite of efficient conservative treatment a number of cases are seen in which only surgery can be of any substantial benefit. This is where collaboration with the himatologists is indispensable and we have repeatedly experienced the benefits thus obtained. The management of severe upper limb disability has occupied our minds increasingly since we opened Mary Marlborough Lodge for study of the problems of the severely disabled. The Lodge was set up in the grounds of the Nuffield Orthopedic Centre to provide facilities for the study and solution of the problems of people who, after medicine and surgery have done all they can, are still left with permanent disability, severe enough to impair personal and economic independence.
Rehabilitation of Patients with
Inevitably, one of the major groups of problems referred to us has been severe disability of both upper limbs, with or without involvement of the trunk and lower limbs. The management of disability of the lower limbs is, generally speaking, effectively dealt with in this country by the spinal injury and special rehabilitation centres dealing with a wide variety of disorders. By contrast, loss of function of both upper limbs remains a disaster; it seriously interferes with almost every daily activity and with personal independence, it makes wage earning extremely difficult even for the executive classes, and causes a tragic amount of boredom and frustrationbecause it is so difficult to compensate. The wide range of movement and of force offered by the normal upper limbs and the fact that even the simplest functional movement, e.g. bringing food from table to mouth, is normally achieved by simultaneous adjustments of position and force at each of a number of joints and muscles presents a considerable engineering challenge to those trving to assist or replace disabled or absent upper limbs. Prostheses and splints designed to assist the upper limbs fall far shorter of the lost limbs' functions than do their lower limb counterparts. The aim of this paper is to indicate some of the ways in which we have been trying to solve the problems of these people.
The disorders which present themselves as upper limb problems fall into two main groups:
(1) Those with stiffness or deformity as their prime error. This group contains the severer forms of rheumatoid disease, as well as a variety of congenital limb defects and cases of double amputation.
(2) Those with errors of the controlling mechanisms, i.e. of the muscles, and the motor and sensory innervation, peripheral and central. In this group we have so far encountered: muscular dystrophies, myasthenia gravis, poliomyelitis, polyneuritis, syringomyelia, cervical cord disease and trauma causing quadriplegia, motor neurone disease, disseminated sclerosis, parkinsonism and other disorders of co-ordination, hemiplegia from various causes, and congenital brain damage, particularly the athetoid cases.
The patients easiest to help are those in whom the disorder is of the muscles or lower motor neurones only, and is confined to the upper limbs; associated sensory defect, spasticity or other interference with central control, and involvement of other parts of the body, all introduce additional, but not necessarily insuperable, difficulties. Mental impairment and unwillingness to cooperate, on the other hand, are contra-indications to embarking on this kind of work, which requires the intelligent and enthusiastic co-operation of the patient, who must be prepared to give time to fitting and training in the use of the various devices.
With such a wide variety of causative conditions, and with the frequent association of upper limb disorder with disorders of other parts of the body, there is no question of mass rehabilitation or 'off the shelf' aids, and the initial assessment and individual programming is often the major part of the work. The first part of the programme may have to be directed not to the upper limbs themselves but to the patient's general condition, to his exercise tolerance and to his posture. Rheumatoid cases may need adjustment of their drugs to reduce pain; iron deficiency anemias and respiratory defect may need correction before the patient can tolerate increased activity; a corset or brace, and the selection of a suitable wheelchair may be essential preliminaries before rehabilitation of the upper limb itself can begin. Some cases have needed preliminary surgery.
Aids
(1) Direct support and assistance to the upper limb: The ball-bearing arm support developed by Dr Vernon Nickel at Rancho Los Amigos in California is an invaluable aid in this field and is the basis of much of the upper limb work (Fig 1) . The support takes the weight of the upper limb and frees any residual power to control the now virtually resistance-free movement in the horizontal plane. Vertical movement of the hand is obtained by balancing the forearm on a pivot so that a small displacement tips elbow or hand up or down. A supinator bar can be added to give that difficult movement, supination. Stops, increased resistance, &c., can be added as required and careful fitting with repeated trial and error of the different adjustments is needed to obtain optimum function in the individual case. These arm supports are normally attached to a chair, usually a wheelchair, though theoretically they can be carried on a pelvic frame. However, the functions they subserve are normally carried out sltting down, and attachment to the person is more likely to be a nuisance than a help to the ambulant patient. For the hand itself, once the limb has recovered a useful range of movement, a variety of splints and devices is available; the hinged,flexor splint restores grip to a hand in which only dorsiflexion of the wrist remains (as in some cervical cord lesions), or if even that power is missing it can be activated by an artificial muscle, which can also be co-opted to 'power' other movements (Fig 2) . At this stage the orthopxdic surgeon may find that he can usefully improve the function of the hand by surgery, and so dispense with the splint which has shown the way.
(2) Substitution ofupper limb power by other parts of the body: The most obvious substitute for the upper limb is the mouth, which can be co-opted to Section ofOrthopeadics perform a number of functions, e.g. writing, typing, painting, &c. A dental surgeon with experience in this field can usefully help by devising dental grips for the various instruments the patient needs to hold in his mouth.
The lower limb is similarly a substitute, either directly, as in writing or painting, or indirectly via an appliance which, if it can be made to work at table level, avoids the problems of eye-foot distance. The distaffappliance (Fig 3) invented by Mr D S Taff in New Zealand is a useful aid for anyone with fair lower limb power, and with practice it can be used most efficiently for feeding (one distaff and a balanced spoon) and for typing (two distaffs and hammer attachments). Typing to commercial level can be achieved with the distaff appliances. A device developed in Sweden uses lower limb power to manipulate the upper limb and has the great advantage of using residual sensory function of the upper limb to control the lower limb movement, giving it particular application to poliomyelitis cases with useful sparing of the lower limbs.
(3) The use of control systems: Many of the activities of daily living are already mechanized and controlled by simple switches and knobs, e.g. the electric typewriters, electric sewing and knitting machines and telephone modifications are some of the devices, which though regarded as expensive luxuries for the able, are necessities for the disabled to whom they may restore not only occupation but employment.
But for the very severely disabled even the manipulation of switches and knobs may be im-
Fig 4 A patient uses the
Selectascan to control a wide variety of equipment by means ofa microswitch in her mouth possible; they may not have sufficient power to move them or may not be able to reach them. For such people remote control devices greatly reduce the need for 'some other person' to be constantly at hand and reduce also the frustrations and inactivity of the mentally active but physically paralysed.
Fig 4 shows the Selectascan in operation by a housewife totally paralysed and respiratorbound by poliomyelitis six years ago. She lives at home with her husband and her daughter, and with the aid of her device, which was designed by her husband and is now on the market, she can, via an on/off microswitch held in her mouth: ring bells; switch on and off lights, heaters and fan; move her mirror to view her control panel, other parts of the room and her visitors as they move around; control fully the wireless, television, tape recorder, record player, outside telephone and intercom. system wired in the house. Control of an electric typewriter, of an auto-tutor for home education and of a page turner is also planned.
Another version of the same kind of device, the Possum, has also been developed and further developments in remote control by the severely disabled can be anticipated.
It may not be long before we can achieve limbless mobility at least within a house, using electric hoists, chairs, showers and toilets to remove much of the dependence of these people on others for their routine care. The recent thalidomide disaster has drawn attention to the need for such aids where limbs are either functionless or absent.
